HIGH POPULATION DENSITY REGIONS -As ground congestion increases, short-haul intercity air transportation should increase in importance, primarily because of the importance of time to the traveler and the growing efficiency, flexibility, reliability, and wider distribution of air transportation services. However, the addition of new, large, and conveniently located airports will be increasingly constrained by environmental, ground access, and economic factors. Making better use of existing transportation hubs and secondary and small community airports will become increasingly more important to avoid serious air transportation congestion and ultimately business and economic stagnation. In the future, even with the use of advanced air traffic control technology and wide-body aircraft technology, runway capacity limits will be reached in many of the major hub airports.
A good example of current and future air congestion can be found in the United States. To reduce the results of airport saturation, conmiunities will have to effectively use existing hub and secondary airports, and should consider the high payoff transportation opportunity offered by V/STOL aircraft. V/STOL aircraft terminal flight-path control capability will allow the use of helicopter terminal-area flight rules so that they will pose no additional burden to crowded airports. through the use of these vehicles when they do not use existing airports, but instead carry passengers almost point-to-point using vertiports. Figure 1 illustrates potential V/STOL aircraft landing facilities. ports along rivers or lakes that my use existing piers or barges, facilities located adjacent to or above other existing transportation modes, such as railroads, light rail or subways; and
Under this Airlines
Even with the current airport congestion and Significant airport relief can be obtained These include seahighways enabling a highly efficient intermodal transfer. can also be used for most V/STOL aircraft. Coupling these facility possibilities with existing general aviation airports, means an extensive vertiport ground-facility system could be available. Figure 2 is an artist's rendition of an airport expansion possibility where an airport is saturated with CTOL traffic and is constrained from expanding externally. provide high-frequency, short-and medium-haul service, operating on vertipads or short runways that generally can be placed on existing airports. The CTOL runways can then be used for the longer-haul, wide-body aircraft. Thus, the airport capability can be greatly increased.
over the CTOL aircraft in impacted terminal-area real estate because of the inherent characteristics of V/STOL aircraft to descend and climb at steep gradients. For example, a V/STOL aircraft can make an approach to the touchdown zone on a runway or landing pad at a spiraling descent gradient of up to 9". whereas the normal descent gradient for approach to a landing by a CTOL aircraft is 3". On ascent, V/STOL aircraft can follow an equally steep ascent gradient.
Furthermore, the characteristics of the V/STOL aircraft make feasible a curving approach (or departure) in both VFR and IFR conditions (assuming suitable microwave landing navigation facilities) which can provide considerable benefits to and flexibility in the ATC System. For example, after entering the terminal area, an arriving V/STOL aircraft can proceed on a discrete three-dimensional routing to its initial approach fix. Thereafter, the V/STOL aircraft can make a curving approach going downwind, parallel to the V/STOL runway, at the same time descending at a steep gradient to touchdown point for a landing. Also, by applying advances in active control, navigation and guidance systems along with cockpit automation, a V/STOL aircraft can be preprogrammed to fly a minimal environmental impact flightpath. bines the low-disk-loading VTOL capability of a ,helicopter with standard turboprop aircraft cruise flight. The design has been proved in the XV-15 tilt-rotor research aircraft (Fig. 4 ) expanded in the compound configuration (Fig. 15) with the addition of two 5-60 turbojet engines to increase its forward speed and agility (11).
LOU
The ABC achieved forward speeds of about 240 knots and demonstrated good hover characteristics, high maneuverability, compact size, and relative simplicity, but had high vibration and hub drag at the higher speeds. envelope is shown in Fig. 16 . However, because it was purely a concept demonstrator, the blade shape, twist, hub shape, rotor materials, shaft tilt, auxiliary propulsion, empennage, and flight controls were not optimized. The flight program was terminated before improvements could be made in the various aircraft subsystems. A review of the lessons learned from the flight program indicated that the following steps could be taken to improve system efficiency: rotor-blade airfoil sections for high-speed flight, modified transmissions and structural weight, an integrated propulsion system, and modified empennage and hub for reduced drag. optimized ABC design has the potential for speeds greater than 250 knots and could have a broad range of applications. has been studied that has a design speed of 250 knots and range of 500 miles (Fig. 17) .
with a stoppable rotor that will provide a lowdisk loading VTOL capability, similar to that of a conventional helicopter, combined with high subsonic cruise speed. The rotor is stiff, fourbladed and utilizes circulation-control blowing over the trailing-and leading-edge surfaces of its syarmetrical blades for lift and control. The X-wing is designed to operate in both the rotaryiing and fixed-wing mode and passes through the conversion mode; these are depicted in Fig. 18 . tilt-nacelle configuration was tested extensively, using small-scale wind-tunnel models and using a large-scale model in both the hover facility and the 40-by 80-ft wind tunnel at Ames (Fig. 23) (Fig. 331, where air adhering to the surface of the wing continues down over a highly deflected flap, converting a large portion of the jet thrust into propulsive lift.
proof-of-concept verification of the USB lowspeed-flying characteristics and has been used extensively to investigate terminal-area operations for STOL aircraft (see Fig. 34 ). This four-engine USB configuration offers better engine-out performance than a two-engine configuration. Flight research with the QSRA has also confirmed that landing performance at relative short field lengths can be achieved at the lower thrust-to-weight ratios comparable to those used in conventional aircraft. The QSRA nominal takeoff and landing distance is 750 ft and 650 ft, respectively. However, during carrier trials, the QSRA demonstrated takeoff distances less than 300 ft and landing distances less than 200 ft. (Fig. 36) . The noise footprint is significant in that it indicates the effect OF the airplane's noise on the area around the airport. Studies have shown that the noise reaching the surrounding conmunity will be well below the 90-EPNdB level. For example, even for this "scaled-up" QSRA, the 90-EPNdB noise level has been calculated to be essentially contained within typical airport boundaries. tion of their flying time at cruise speeds, an investigation is required to minimize cruise-drag associated with USB. It is anticipated that computational analysis, wind-tunnel testing, and flight measurements will be required before a commitment is made to a production program. Further, verification will be obtained from the Quiet Short Takeoff and Landing (QSTOL) airplane called the Asuka. The Asuka, using USB technology, is designed to operate at Mach 0.7, with a ceiling of 30,000 ft and a maximum range of 1,000 miles. It began flight testing in October 1985 (Fig. 37) . The Asuka was developed by the Japanese National Aerospace Laboratory and a consortium of Japanese companies.
In summary, large transport aircraft that utilize powered lift can offer impressive shortfield performance, increased payload for CTOL operations, and reduced noise level. They can increase the capacity of existing airports by providing service on STOL runways using alternative-airport approach paths. These aircraft may also provide airline service to secondary airports that currently have no airline service.
COMPARISON OF CONFIGURATIONS
Since transport aircraft spend a large porDisk loading can be used as an important parameter to identify the relative merits of configurations. Disk loading is defined as the maximum thrust produced divided by an appropriate cross-sectional area of the thrust producing device. Generally, aircraft hover performance can be related to it. As disk loading increases, hover efficiency (thrust per unit power) decreases markedly, as shown in Fig. 38 . A lift system that imparts a high dounwash velocity is less efficient because the engine power (and fuel flow required to produce the lift') varies as the cube of the air velocity. This directly affects hover performance (Fig. 39) . The fuel required to hover (expressed in pounds of fuel per minute) is plotted versus the cruise speed of the aircraft. Considering that operational aircraft normally only have 0.25 to 0.30 fuel fraction available, the hover requirements of the intended mission are an important consideration in design selection. It is obvious from Fig. 39 that even at low hover times, the fuel used by vectored thrust and lift-cruise fan designs is significant. For these designs it is important to develop operational techniques and pilot aids to minimize the time spent in hover and at very low speeds. Also, notice in Fig. 39 that the X-wing, khich is representative of stopped-rotor designs, is a means of achieving high speeds while maintaining good hover efficiency. (However, this assumes that the X-wing has a satisfactory liftto-drag (L/D) ratio at cruise speeds, a characteristic that remains to be determined.)
The effect of configuration on flight performance can be examined by considering the flight envelope of the low-disk loading aircraft (Fig. 40) . It can be observed that as speed and altitude increase, the complexity of the vehicle increases, as well as the cower required, which results in higher empty-weight fractions (empty weight/gross weight). However, the increased higher speed or range could make the vehicle economically feasible. The helicopter is limited to less than about 200 knots and has empty-weight fractions of 0.5 to 0.6. requires additional engine weight and heavier rotor system that increase empty weight. The tilt rotor has an aerodynamic lifting surface in addition to the tilting mechanism, resulting in an empty-weight fraction of 0.67-0.70.
The speed and altitude are further increased by stopping and folding the rotors and substituting convertible engines. The additional complexity also increases the weight and power required. example, the stopped-rotor X-wing has high speed and altitude potential; however, complexity and weight increase because of the large rigid rotor system, the associated pneumodynamic system, and installation of the convertible engine. Also, the stowed single rotor would have similar flight-envelope characteristics with increased weight and complexity. The result is emptyweight fractions from 0.69 to 0.75. aircraft are illustrated in Fig. 41 . These envelope limits are similar to those of CTOL aircraft using the same propulsion system. V/STOL aircraft tend to have small wing areas and spans because at low speeds they are not dependent on aerodynamic lift. In addition, some designs will have greater wetted areas because their total volume will be greater owing to the inclusion of additional components for propulsion or, for example, gas ducting and nozzledeflecting mechanisms. Also, the aircraft designer has less freedom in positioning components because of packaging and center-of-gravity location constraints and limited inlet location A compound helicopter
For
The Flight envelopes of high-disk-loading However, placement to avoid recirculation-reingestion problems.
are extremely important operational considerations, especially for landing sites. compares the predicted perceived noise level (PNdB) of various thrusting devices that are characterized by disk loading. are at full-power setting and the distance of the noise detector from the aircraft is 400 ft. As a baseline, the noise level of typical city daytime traffic is 80 to 90 PNdB. Hence, the noise level is extremely important in site selection, as well as in determining the design for the mission. Generally, the noise level increases as the disk loading increases. High-disk-loading vehicles may have noise levels unacceptable in dense urban environments but acceptable in remote regions.
Another operational problem that must be considered is the downwash pattern from the thrusting device. at ground level due to downwash from aircraft of various disk loadings (20) . Note that the higher the disk loading, the smaller the ground boundary-layer thickness and the higher the maximum boundary-layer velocity. Hence, the highdisk-loading vehicles require a prepared clean surface, whereas the lower-disk-loading aircraft can land on less prepared surfaces and not adversely affect the surrounding area. operational factor is the hot exhaust gas impingement problem prevalent with vectoredthrust configurations. The impingement of the hot gases on the landing surface can damage the surface and in some cases may break up the surface and coat or impinge the surrounding area witn eroded surface material. Thus, a treated landing pad area may be required to withstand high-temperature exhaust.
To determine the right V/STOL aircraft for a particular application requires a mission analysis subject to mission constraints, such as operating environment and type of landing site. Two examples of this type of analysis are shown in Figs. 44 and 45 . shows the mission gross weights for a helicopter, ABC, tilt rotor, and lift-cruise fan for a rescue mission. configurations. The mission requires flying over 300 miles, hovering out-of-ground effect for 8 min at 7,000 ft on an 83°F day, then returning to the base, which is at 4,000 ft on a 95'F day. It is seen that the tilt rotor is the lowest gross weight vehicle to perform the mission. Its gross weight is 43,000 lb and its average cruise speed is 280 knots. hand, the helicopter's mission gross weight is over 51,000 lb and its average cruise speed is In civil applications, environmental factors
Figure 42
The power plants Figure 43 shows the velocity
Another
The first example (Fig. 44) The same payload was used for the four On the other only 198 knots. The lift-cruise fan average cruise speed is 450 knots; however, the 8-min hover out-of-ground effect requirement requires the vehicle to carry more fuel because of its hover inefficiency; as a result, its gross weight is 62,000 lb. at 74,000 lb. the cruise inefficiency resulting from overcoming the drag of the coaxial hub. 
It is

It should be added that important civil
The ability to operate safely
APPLICATIONS OF CONFIGURATIONS
As discussed in the sections on V/STOL and STOL transportation opportunities, many of the configurations discussed can be used for relieving congestion in high population density regions and for passengers and high-value-cargo in low population density regions. term opportunities appear to be for smaller vehicles (fewer than 50 passengers) which make the future especially attractive for V/STOL aircraft. The civil applications of the configurations discussed are summarized in Table 1 , along with estimated operating ranges that vary from 300 n. mi. for compound ABC to 3,000 n. mi. for a The greatest near-STOL aircraft. In addition to range, other factors that determine the configuration applicability are productivity (speed and payload), fuel efficiency, hover, economics, noise, and downwash characteristics. Generally, the lowest-grossideight vehicle will have the most favorable economics and fuel efficiency. We recommend that a detailed study be initiated to evaluate these promising configurations in order to determine one or two configurations that should be considered for development for civil applications. The study should include total transportation system cost trade-offs. Some day, civil V/STOL and STOL configurations will be operational realities. .oad-range for 19-passenger rotor. 
